include cardiomyocyte hypertrophy and death, inflammation, alterations of collagen matrix, and microvascular rarefaction. 4 To overcome the adverse effects of post-infarct remodelling, scientists have attempted to use an understanding of the basic physiology to develop effective targeted pharmacological treatments for its prevention. Many of these proposed treatments, including adenosine, nicorandil, nitroprusside, and atrial natrietic peptide and statins, have been administered simultaneously with reperfusion therapy. Others, including angiotensin-converting enzyme inhibitors, angiogensin receptor blockers, aldosterone inhibitors, renin inhibitors, nicorandil, beta-blockers, and statins, have been administered chronically with the intent to affect the chronic phase of left ventricular remodelling positively. 5 Attempts have also been made to overcome or reverse some of the adverse effects of long-term post-infarct remodelling by growing new viable functional myocardium through various forms of stem cell transfer. 6 However, despite many large randomized clinical trials, only modest benefits have thus far been identified with any of these proposed therapies, even though often expensive and long-term treatment strategies were required.
In the results of the 'Early short-term doxycycline therapy in patients with acute myocardial infarction and left ventricular dysfunction to prevent the ominous progression to adverse remodelling: the TIPTOP trial', 7 Cerisano et al. have proposed a short-term, inexpensive, easily administered, potentially very safe and effective, adjunctive therapy for the prevention of post-infarct adverse left ventricular remodelling: doxycycline. Their proposal to use doxycycline came from an understanding of one of the important early mechanisms of remodelling: extracellular collagen matrix damage which is often triggered by the post-infarct inflammatory activation of matrix metalloproteinases (MMPs). 8 For example, increased MMP-2 levels have been implicated in post-infarct remodelling as well as ischaemiareperfusion injury. 9 Indeed, in addition to its participation in extracellular matrix remodelling, enhanced MMP-2 activity has been associated with direct cardiac dysfunction which possibly results from proteolytic degradation of intracardiomyocyte targets, including troponin I and myosin light chain-1. 10 Doxycycline, an antibiotic long used for the treatment of all kinds of infectious diseases, 11 also has well documented inhibitory effects on a variety of MMPs. 12 It also has an excellent safety profile and is inexpensive.
To begin the investigation of doxycyline for the prevention of postinfarct remodelling, the investigators chose a high risk study population, patients with recent ST-segment elevation myocardial infarction (STEMI) and significant left ventricular dysfunction, thus guaranteeing a high rate of left ventricular remodelling during 6 months of followup. The doxycycline dosing regimen chosen (100 mg orally every 12 h for 7 days) was well within usual standards for antibiotic dosing, and was adequate to provide optimal MMP inhibition, which is often possible even with sub-antibiotic doxycycline dosage levels. 13 The primary endpoint of the study was the percentage change from baseline to 6 months in the echocardiographic left ventricular end-diastolic volume index (LVEDVi). In order to isolate the impact of doxycycline to an effect on left ventricular remodelling, rather than vessel patency, they limited enrolment to only those patients with successful primary reperfusion. They also documented continued infarct-related coronary arterial patency by performing 6-month follow-up coronary arteriography on as many patients as possible (85%). Additionally, in order to verify the independence of the treatment effect on left ventricular remodelling from final infarct size and severity, they performed 6-month SPECT (single photon emission computed tomography) imaging.
The 110 patient study reached a positive 6-month primary endpoint with only a 0.4% increase in LVEDVi in the 55 patients assigned to doxycycline compared with a 13.4% increase in the control patients (P ¼ 0.012). Perhaps equally impressively, although not powered for clinical endpoints, at the end of 6 months, the study also reported a statistically significant .50% reduction in the composite of death, MI, congestive heart failure, and stroke, with the majority of the effect differential occurring with fatal and non-fatal heart failure. Although this impressive clinical result will require validation in large adequately powered placebo-controlled randomized clinical trials, the positive correlation between the results of changes in LVEDVi and clinical outcomes is certainly encouraging.
Although this study was well designed and executed, there are significant limitations that should be noted. For some reason, the trial was designed as an open label study. It seems it could have easily been placebo controlled. Even though the primary endpoint was evaluated by a blinded off-site independent Core Lab, the fact that the investigators caring for the patients knew which arm the patients were randomized to could have affected their care in a variety of ways that could have had an impact on the outcome. Additionally, in this small randomized trial, not all baseline characteristics were evenly matched. Specifically there were more women and diabetics in the control than in the treatment group. Whether these disparities may have adversely affected the outcome of the control arm is not known.
14 Finally, besides its anti-inflammatory and MMP inhibitory properties, doxycycline is also a potent and effective antibiotic. Whether some of its positive effect on left ventricular remodelling occurred because of its antimicrobial action on a co-existing infectious agent, such as Chlamydia pneumoniae, 15 is not known.
In conclusion, with so many sophisticated and costly attempts to minimize the adverse effects of post-infarct remodelling providing only limited benefit, is it possible that a simple, inexpensive, shortterm course of doxycycline may really help? With these promising results reported from the TIPTOP trial, it certainly seems justifiable to find out through another large, randomized, double-blind, placebo-controlled treatment trial.
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